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(57) ABSTRACT 

A method of and system for forming tWo laser processing 
beams With controlled stability at a target specimen Work 
surface includes ?rst and second mutually coherent laser 
beams propagating along separate ?rst and second beam 
paths that are combined to perform an optical property 
adjustment. The combined laser beams are separated into 
third and fourth laser beams propagating along separate 
beam paths and including respective third and fourth main 
beam components, and one of the third and fourth laser 
beams contributes a leakage component that copropagates in 
mutual temporal coherence With the main beam component 
of the other of the third and fourth laser beams. An effect of 
mutual temporal coherence of the leakage component and 
the other main beam component With Which the leakage 
component copropagates is reduced through acousto-optic 

(51) Int. Cl. modulation frequency shifts or through incorporation of an 
323K 26/00 (200601) optical path length difference in the tWo beams. 
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REDUCING COHERENT CROSSTALK IN 
DUAL-BEAM LASER PROCESSING SYSTEM 

TECHNICAL FIELD 

[0001] The present disclosure relates generally to systems 
for and methods of reducing crosstalk in dual-beam, laser 
processing systems and, more speci?cally, to reducing 
coherent crosstalk present in such systems. 

BACKGROUND INFORMATION 

[0002] A dual-beam laser processing system that uses 
polarized beams derived from a single laser to produce tWo 
target specimen processing beams can undergo coherent 
crosstalk stemming from a signi?cant portion of one beam 
leaking into the propagation path of the other beam. Coher 
ent crosstalk arises When the tWo beams derived from the 
single laser are purposefully combined in a common beam 
path through a portion of the optical train and are subse 
quently reseparated. Because of the coherent nature of the 
tWo beams, any leakage of one beam into the propagation 
path of the other beam at the reseparation stage leads to 
coherent crosstalk, Which is substantially more severe than 
that Which Would be present if the beams Were mutually 
incoherent. Coherent crosstalk causes degraded pulse energy 
and poWer stability control of one or both of the laser beams 
at the Working surface of the target specimen. 

SUMMARY OF THE DISCLOSURE 

[0003] Embodiments of dual-beam laser processing sys 
tems implement techniques for reducing crosstalk betWeen 
tWo laser processing beams to provide them With controlled 
stability at a Work surface of a target specimen. Such 
systems each include a laser emitting a beam of light that is 
divided into ?rst and second mutually coherent laser beams 
propagating along separate ?rst and second beam paths. The 
?rst and second mutually coherent laser beams are purpose 
fully combined in a common beam path portion of an optical 
component train to perform an optical property adjustment 
that is common to the ?rst and second laser beams. The ?rst 
and second previously combined laser beams are separated 
into third and fourth laser beams that propagate along 
respective third and fourth beam paths. The third and fourth 
laser beams include respective third and fourth main beam 
components, and one of the third and fourth laser beams 
contributes a leakage component that copropagates in 
mutual temporal coherence With the main beam component 
of the other of the third and fourth laser beams. Several 
embodiments implement techniques for reducing an effect of 
the mutual temporal coherence of the leakage component 
and the other of the third and fourth main beam components 
With Which the leakage component copropagates to deliver 
to the Workpiece stabiliZed ?rst and second processing 
beams corresponding to the third and fourth beams. 
[0004] TWo embodiments entail passing one of the ?rst 
and second mutually coherent laser beams through an opti 
cal path-length adjuster to reduce mutual coherence of the 
?rst and second laser beams by introducing an optical 
path-length difference betWeen the ?rst and second laser 
beams. The optical path-length difference is introduced by 
insertion of an air path or an optical glass component in the 
beam path of one of the ?rst and second laser beams before 
their recombination. The path length difference is set to be 
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greater than the coherence length of the laser but not so long 
as to cause unacceptable differences in beam propagation. 
[0005] A third embodiment entails passing the ?rst and 
second laser beams through respective ?rst and second 
acousto-optic modulators. At least one of the ?rst and second 
acousto-optic modulators is adjusted to impart to the ?rst 
and second laser beams, and thereby to the leakage compo 
nent, a change in a difference frequency, Au), that reduces the 
effect of the mutual coherence of the leakage component and 
the other of the third and fourth main beam components on 
the stability of the ?rst and second processing beams. 
[0006] Additional aspects and advantages Will be apparent 
from the folloWing detailed description of various preferred 
embodiments, Which proceeds With reference to the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a diagrammatic depiction of an embodi 
ment of a dual-beam laser processing system. 
[0008] FIG. 2 displays the dual-beam laser processing 
system of FIG. 1 shoWing beam leakage from one main 
beam to the other main beam. 
[0009] FIG. 3 is a diagrammatic depiction of an embodi 
ment of frequency shifts occurring in an acousto-optic 
modulator. 
[0010] FIG. 4 displays a dual-beam laser processing sys 
tem such as that of FIG. 1, but With an air path of a given 
length for a ?rst beam before combination With a second 
beam by a polarizing beam splitting cube. 
[0011] FIG. 5 displays a dual-beam laser processing sys 
tem such as that of FIG. 1, but With an optical path of a given 
length imparted by a glass component to a ?rst beam before 
combination With a second beam by a polariZing beam 
splitting cube. 
[0012] FIG. 6 is a graph of coherence length versus fringe 
(or coherence crosstalk) intensity for a 1343 nm pulsed laser 
measured using a Michelson interferometer that splits a laser 
into tWo optical paths and recombines them into a common 
path. 
[0013] FIGS. 7A and 7B are charts indicating the reduc 
tion in crosstalk achievable by introducing a path-length 
difference in a dual-beam laser system. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0014] The embodiments of the present disclosure Will be 
best understood by reference to the draWings, Wherein like 
parts are designated by like numerals throughout. It Will be 
readily understood that the components of the present dis 
closure, as generally described and illustrated in the ?gures 
herein, could be arranged and designed in a Wide variety of 
different con?gurations. Thus, the folloWing more detailed 
description of the embodiments of the apparatus, system, 
and method of the present disclosure is not intended to limit 
the scope of the disclosure, but is merely representative of 
the various embodiments of the present disclosure. 
[0015] FIG. 1 is a diagrammatic depiction of an embodi 
ment of a dual-beam processing system 100, Which creates 
tWo laser beams for processing a target specimen or a 
Workpiece 102 (such as a semiconductor Wafer, a microchip, 
or the like) at a Work surface 104. A (preferably pulsed) laser 
beam 106 emitted by a single laser 110 is incident on a ?rst 
polariZing beam splitter cube (PBSC) 120, from Which 
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propagate a ?rst laser beam 130 and a second laser beam 
140. Nominally, one of the beams 130 and 140 is linearly 
polarized With its electric ?eld vector in the plane of FIG. 1 
(P-pol), and the other of the beams 130 and 140 is linearly 
polarized With its electric ?eld vector normal to the plane of 
FIG. 1 (S-pol). Thus, beams 130 and 140 are nominally 
orthogonally polarized relative to each other. 
[0016] First and second beams 130 and 140 are modulated 
by respective acousto-optic modulators (AOMs) 150 and 
160 acting as adjustable light shutters that control the 
intensity of light passing through them. Laser beams 130 and 
140 re?ect olf respective turning mirrors 162 and 164 and 
strike a second PBSC 170. PBSC 170 recombines laser 
beams 130 and 140 at an internal beam overlap location 174 
and directs them as a combined beam propagating along a 
beam path for incidence on a variable beam expander (V BE) 
180. VBE 180 performs a beam size adjustment that is 
common to both beams 130 and 140, and thereafter directs 
them to a third PBSC 190 for separation. The separated 
beams propagate from third PBSC 190 as a third beam 192 
and a fourth beam 194 along separate beam paths. 
[0017] Third beam 192 and fourth beam 194 propagate 
through respective poWer measurement/calibration sub 
systems 196 and 198 that are characterized by frequency 
passbands and provide measured beam intensity information 
that is useful for specimen processing. Measured beams 192 
and 194 re?ect oif respective mirrors 200 and 202 for 
incidence on and combination by a fourth PBSC 210. The 
combined output beams of fourth PBSC 210 propagate 
through an objective lens 218 that forms a ?rst processing 
beam 220 and a second processing beam 222 for incidence 
on a Work surface 104 of a target specimen 102. The 
eventual position, focus height, and size of each beam 192 
and 194 are adjusted to provide their corresponding pro 
cessing beams 220 and 222 With the desired properties at 
Work surface 104 of target specimen 102. It is normally 
desirable to have equal optical path lengths for beams 130 
and 140 to substantially closely match beam propagation 
effects on the spot size and focus height of each processing 
beam at Work surface 104. HoWever, as Will be shoWn, 
substantially equal optical path lengths increase mutual 
crosstalk interference. 

[0018] FIG. 2 shoWs dual-beam processing system 100 of 
FIG. 1 With beam leakage appearing after third PBSC 190. 
Beam crosstalk occurs at PBSC 190 When a portion of third 
beam 192 leaks into the path of fourth beam 194, a portion 
of fourth beam 194 leaks into the path of third beam 192, or 
both. FIG. 2 shoWs third beam 192 composed of a main 
beam component 192m and a leakage beam component 
1941 leaked from fourth beam 194, and fourth beam 194 
composed of a main beam component 194m and a leakage 
beam component 192l leaked from third beam 192. This 
leakage occurs because of the practical limits of polarized 
beam splitter performance, from imperfect linear polariza 
tion of beams 130 and 140, and from imperfect alignment of 
beam splitter and beam combiner polarization axes. DoWn 
stream from PBSC 190, the leakage beam component (194! 
or 192!) is indistinguishable from the main beam component 
(192 or 194) in a given beam path. Because the leakage 
beam component is temporally coherent With the main beam 
component in each beam path doWnstream of PBSC 190, 
coherent addition betWeen the main and leakage beam 
components occurs. Such coherent addition of the main and 
leakage beam components leads to signi?cant variation in 
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the total beam intensity, I. The mutual temporal coherence of 
the main and leakage beam components is at a maximum 
When the path lengths for ?rst and second beams 130 and 
140 are equal. 
[0019] FIG. 3 is a diagrammatic depiction of frequency 
shifts occurring in either of AOMs 150 and 160. Use of the 
frequency and phase shifting properties of AOMs 150 and 
160 enables con?guration of system 100 so that the fre 
quency of the beam intensity variation resulting from coher 
ent crosstalk (beam leakage) is shifted to a frequency that is 
outside one or both of the passbands of poWer measurement/ 
calibration subsystems 196 and 198 and laser processing 
elfects. 
[0020] One of several AOM con?gurations that effect one 
or both of such a frequency and phase shift may include: (1) 
quasi-static operation in Which the coherent crosstalk level 
varies sloWly, With optional phase adjustment in Which the 
coherent crosstalk level is minimized by adjusting the rela 
tive phase of beams 130 and 140; (2) frequency modulation 
by using for each beam a different AOM RF drive frequency, 
in Which the coherent crosstalk (or leakage) frequency is 
made equal to the difference betWeen the tWo AOM RF 
frequencies; and (3) frequency modulation by using different 
AOM di?fractive orders for beams 130 and 140. Each case 
is further discussed beloW. 
[0021] When tWo beams of intensities I1 and I2 overlap, 
the resultant total intensity I includes, in addition to the 
simple sum (l1+l2), a coherent addition or interference term 

Where B1 and B2 are the electric ?eld amplitude vectors for 
the beam, A00 is the difference in the frequencies of beams 
130 and 140, and q) is a phase term, Which arises from any 
static phase difference betWeen the tWo beams 130 and 140, 
path-length differences, and possibly coherence properties 
of the beams. The term A00 is also the frequency of the 
coherent crosstalk. Because of the vector dot product of the 

electric ?elds B1 and B2, only the polarization component 
common to both beams 130 and 140 contributes to the 
crosstalk term lac. To the extent that the crosstalk term lac 
cannot be eliminated through use of orthogonal polariza 
tions, its effect on coherent crosstalk may be reduced by 
purposefully using properties of acousto-optic time modu 
lation of light to set the difference frequency Au) and phase 
4) to advantageous values. The coherent term lac may rep 
resent a signi?cant leakage term in the overall beam inten 
sity I. For example, if 11 is the desired main signal intensity, 
and I2 is an undesired leakage signal of the same polariza 
tion, the total intensity can be Written as 

If, for instance, I2 is 1% of I 1, then the coherent addition term 
lac may be as large as 20% of I1. 

[0022] It is knoWn that a light beam of frequency ml. that 
is di?fracted by the sound ?eld present in an AOM is shifted 
to a neW frequency w”. 
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Where 0051 is the AOM sound ?eld frequency and n is an 
integer representing the diffraction order of the AOM being 
used (n is typically +1 or —1 as shown in FIG. 3, although 
+2, —2, and even higher orders are possible). The di?fractive 
order is determined by alignment of the beam to the AOM 
sound ?eld velocity vector 107 S. These concepts are illus 

trated in FIG. 3. Typically, 0051 is on order Of2J1§*(107 to 108) 
radians/ s. Because the diffraction order and sound ?eld 
frequency can be independently controlled for each of 
AOMs 150 and 160, the frequency difference term Au) above 
becomes 

Where 0051 and 0052 are the individual AOM sound frequen 
cies, and n and m are the diffraction orders for beams 130 
and 140, respectively. 
[0023] Possible choices for the values of n, m, 0051, and 0052 
can be summarized as folloWs. The ?rst case is Where n:m 

and Where 0051:0052. In this case AuuIO, and the amplitude of 
a a 

the coherent term lac simpli?es to 2E 1~ E 2 cos(([)), Which 
Will be static or quasi-static depending upon the time behav 
ior of the relative phase 4). If the path lengths of beams 130 
and 140 are equal and not changing signi?cantly, then 4) Will 
be determined by the relative phase of the AOM sound 
?elds, Which is set by the RF phase driving AOMs 150 and 
160. By controlling the relative RF phase applied to AOMs 
150 and 160, the level of coherent crosstalk can be con 
trolled, and ideally, nulled to zero. For example, a calibration 
procedure could be used in Which the path intensity of beam 
192 after PBSC 190 is measured With beam 140 turned on, 
and compared With the intensity of beam 192 after PBSC 
190 With beam 140 turned off. The relative phase of the 
AOM RF signals may be simultaneously adjusted during 
these comparative measurements until the phase difference 
betWeen beam 194 in its ON and OFF states is minimized 
(effectively setting q)::rc/2). The relative phase may also be 
adjusted by increasing the optical path-length difference of 
one of the beam paths, eg 192, in relation to the other beam 
path, eg 194, before beam cross-over location 174, as Will 
be discussed With reference to FIGS. 4-7. 

[0024] The second case is Where n:m and Where wsl#u)s2. 
By driving the AOM sound ?elds at different frequencies, 
the crosstalk term appears at the difference frequency, given 
by Au):u)sl—uus2. Accordingly, Au) can readily be controlled 
and set anyWhere in the range from 0 Hz to over 106 Hz. This 
Would be especially useful Where a calibration procedure 
averages beam energy over a certain time WindoW T. If 
Auu>>1/T, then the variations resulting from coherent 
crosstalk are effectively averaged. 
[0025] The third case is Where n¢m and Where 0051:0052. 
By aligning AOMs 150 and 160 to operate on different 
di?fractive orders, the crosstalk term appears at the differ 
ence frequency, given by Au):(n—m)u)sl. For example, if 
n:+1 and m:—1, Au):2u)sl. This advantageously yields a 
relatively high crosstalk frequency While utilizing one RF 
oscillator to drive both AOMs 150 and 160, Which crosstalk 
frequency is outside the nominal passbands of the tWo laser 
processing beams. For example, With UJSIIUJSZI1OS radian/ s 
and n:+1 and m:—1, We have AuuI2><108 radian/s. Thus, A00 
is signi?cantly higher than other values of Au) available by 
using the second case above, making it easier to move the 
crosstalk frequency farther outside the passband frequencies 
of the tWo laser processing beams. 
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[0026] FIG. 4 displays a dual-beam processing system 
400, similar to system 100 of FIG. 1, but constructed With 
an air path 404 of a given length for ?rst beam 130 before 
combination With second beam 140 by second PBSC 170. 
FIG. 5 displays a dual-beam laser processing system 500, 
similar to system 100 of FIG. 1, but With an optical path of 
a given length imparted by a glass (or optical refractor) 
component 504 to ?rst beam 130 before combination With 
second beam 140 by second PBSC 170. 
[0027] In either FIG. 4 or FIG. 5, the effect of introducing 
air path 404 or glass component 504 is to add a path-length 
difference betWeen the beam paths of beams 130 and 140, 
prior to beam recombination at PBSC 170. The path-length 
difference is greater than the coherence length (Lc) of laser 
110, but not so long as to cause unacceptable differences in 
beam propagation. Thus, the path-length difference may be 
incremental and still have its desired effect. This has the 
added effect of reducing the mutual temporal coherence 
betWeen one or both pairs of beams 192m and 194! and 
beams 194m and 192l, and thereby reducing the crosstalk 
resulting from coherent addition of the tWo components of 
each of the beam pairs. The coherence length (Lc) is the 
optical path-length difference of a self-interfering laser beam 
that corresponds to a 50% fringe visibility, Where the fringe 
visibility is de?ned as V:(lmax—lmin)/(lmax+lmin) and 1mm 
and 1mm are the respective maximum and minimum fringe 
intensities. 
[0028] The optical path-length difference can be intro 
duced as air path 404 in one ofthe beam paths ofbeams 130 
and 140, as shoWn in FIG. 4, or by placing a refractive 
optical element, such as a piece of optical glass 504 of 
thickness d and refractive index n, in one of the beam paths 
of beams 130 and 140. Optical glass 504 introduces a change 
in optical path-length (n—1)d, as shoWn in FIG. 5. 
[0029] When tWo beams of equal temporal frequencies 
(AuuIO) and of intensities l1 and i2 overlap, the resultant total 
intensity 1 includes, in addition to the simple sum (1 l+12), a 
coherent addition or interference term 

152E152 Cosmo). 

Where B1 and B2 are the electric ?eld amplitude vectors for 
the beam and ([)(t) is a phase term that arises from path-length 
differences and coherence properties of beams 130 and 140. 
One condition for maximum crosstalk is that both beams 
130 and 140 travel equal path lengths from the laser to beam 
overlap location 174. Under this condition, the phase term 
([)(t) is a relatively sloWly changing function of time as small 
path-length difference changes occur (on the order of the 
Wavelength of laser 110) resulting from mechanical vibra 
tion and thermal effects. That beams 130 and 140 travel 
equal path lengths to beam overlap location 174 may be 
desirable for purposes of having highly similar beam propa 
gation characteristics such as spot size, beam divergence, 
and Waist location. Therefore, When adding a path-length 
difference betWeen beams 130 and 140, one may limit the 
difference to prevent large divergences in spot size, beam 
divergence, and Waist location. 
[0030] Because of the vector dot product of the electric 

?elds B) l and B2, only the polarization component common 
to both beams 130 and 140 contributes to the crosstalk term 
lac. To the extent that the crosstalk term lac cannot be 
eliminated through use of orthogonal polarizations, its effect 
on coherent crosstalk may be reduced by purposefully 
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introducing an optical path-length difference in one of 
beams 130 and 140 upstream from the beam overlap loca 
tion 174. This air path introduces a time delay between 
beams 130 and 140 Which, if larger than the coherence time 
of the laser source, results in reduced coherent crosstalk. 
(Physically, the phase factor ([)(t) in the coherent addition 
undergoes very rapid and random ?uctuations betWeen 0 and 
2:1 as the path-length is increased beyond the coherence 
length of the laser, With the result that the cos(([)(t)) term 
averages to Zero over time periods of interest as determined 
by the passbands of poWer measurement/calibration sub 
systems 196 and 198.) The increase in optical path-length 
may be accomplished by adding or subtracting an air path 
404, or by inserting a transmitting optical material 504 With 
n>l, such as glass, in one of the beam paths of beams 130 
and 140. The required delay time is of the order of approxi 
mately l/ 66 v, Where Av is the bandWidth of the laser. The 
delay time t is related to the optical path-length difference I 
by l:ct, Where c:speed of light. 
[0031] FIG. 6 is a graph shoWing an example of the 
coherence length of a 1343 nm pulsed laser as measured 
using a Michelson interferometer, Which splits a laser into 
tWo optical paths and then recombines them into a common 
path Where the total beam intensity I can be measured using 
a detector. The horizontal axis represents the change in air 
path-length in millimeters, and the vertical axis represents 
the fringe (or coherent crosstalk) intensity lac, as indicated 
by a signal envelope 604, Which is a direct measure of the 
temporal coherence of laser 110 for a given path-length 
difference. FIG. 6 indicates that the coherent crosstalk is 
most intense Where beams 130 and 140, and thus processing 
beams 192 and 194, are substantially exactly coherent (i.e., 
equal path lengths) and that signal envelope 604 decreases 
by approximately a factor of 10 for an air path-length 
difference of +3.5 mm. By introducing this modest path 
length difference, system 400 may achieve a marked reduc 
tion in coherent crosstalk. 
[0032] FIGS. 7A and 7B are charts shoWing the reduction 
in coherent crosstalk achievable by introducing a path 
length difference in a dual-beam laser system. The horiZon 
tal axis represents an increasing number of samples, on a 
scale of 10,000 samples per point, taken during a test of the 
coherent crosstalk present in laser processing beams. The 
vertical axis represents the measured pulse instability at each 
sample point. The chart of FIG. 7A shoWs measured pulse 
stability for equal path lengths, With the upper pair of data 
points representing processing laser beams 192 and 194 that 
are relatively unstable When both beams 130 and 140 are in 
their ON states (coherent crosstalk present) versus the loWer 
pair of data points shoWing greater stability in processing 
beams 192 and 194 When only one of beams 130 and 140 is 
in its ON state (no coherent crosstalk possible). 
[0033] The chart of FIG. 7B shoWs the same data for a 
system con?guration in which 10 mm of fused silica glass 
(n:l .46) is introduced into one of the beam paths of beams 
130 and 140 With a 4.6 mm path-length difference, shoWing 
a substantial reduction in coherent crosstalk. 

[0034] While speci?c embodiments and applications of 
the present disclosure have been illustrated and described, it 
is to be understood that the disclosure is not limited to the 
precise con?guration and components disclosed herein. 
Various modi?cations, changes, and variations apparent to 
those of skill in the art may be made in the arrangement, 
operation, and details of the methods and systems of the 
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present disclosure disclosed herein Without departing from 
the spirit and scope of the present disclosure. 

1. A method of forming tWo laser processing beams With 
controlled stability at a Work surface of a target specimen, 
comprising: 

providing ?rst and second mutually coherent laser beams 
propagating along separate ?rst and second beam paths; 

purposefully combining the ?rst and second mutually 
coherent laser beams in a common beam path portion 
of an optical component train to perform an optical 
property adjustment that is common to the ?rst and 
second laser beams; 

separating the ?rst and second previously combined laser 
beams into third and fourth laser beams that propagate 
along respective third and fourth beam paths, the third 
and fourth laser beams including respective third and 
fourth main beam components, and one of the third and 
fourth laser beams contributes a leakage component 
that copropagates in mutual temporal coherence With 
the main beam component of the other of the third and 
fourth laser beams; and 

reducing an effect of the mutual temporal coherence of the 
leakage component and the other of the third and fourth 
main beam components With Which the leakage com 
ponent copropagates to deliver to the Workpiece stabi 
liZed ?rst and second processing beams corresponding 
to the third and fourth beams. 

2. The method of claim 1, in Which the reducing of an 
effect of the mutual temporal coherence comprises setting an 
optical path-length difference in the separate beam paths of 
the ?rst and second mutually coherent laser beams before 
the purposeful combining of them in a common beam path 
portion, the optical path-length difference being of an 
amount that reduces the mutual temporal coherence of the 
leakage component and the one of the third and fourth beam 
components With Which the leakage component copropa 
gates and thereby the effect of the mutual temporal coher 
ence on the stability of the ?rst and second processing 
beams. 

3. The method of claim 2, in Which the ?rst and second 
mutually coherent laser beams have a coherence length, and 
in Which the optical path-length difference is greater than the 
coherence length. 

4. The method of claim 2, in Which the optical path-length 
difference is accomplished by introducing an incremental 
change in an air path length in one of the separate ?rst and 
second beam paths. 

5. The method of claim 2, in Which the optical path-length 
difference is accomplished by positioning a refractive opti 
cal element having a thickness, d, and a refractive index, n, 
in one of the separate ?rst and second beam paths to 
introduce an optical path-length change that equals (n—l)d. 

6. The method of claim 1, in Which the optical property 
adjustment comprises beam Width expansion. 

7. The method of claim 1, in Which the leakage compo 
nent is characterized by a frequency, and further comprising: 

frequency shifting one of the ?rst and second mutually 
coherent beams and thereby frequency shifting the 
leakage component of one of the third and fourth laser 
beams at a frequency that reduces the effect of the 
mutual temporal coherence of the leakage component 
and the other of the third and fourth main beam 
components on the stability of the ?rst and second 
processing beams. 
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8. The method of claim 7, in Which the leakage compo 
nent corresponds to a coherent crosstalk frequency, A00, in 
Which the ?rst and second processing beams operate in 
respective ?rst and second nominal passbands, and in Which 
a modulation device positioned in the beam path of the one 
of the ?rst and second mutually coherent laser beams 
performs the frequency shifting, the modulation device 
characterized by a signal property that imparts to the leakage 
component a value of frequency such that the coherent 
crosstalk frequency, A00, is outside of a corresponding one of 
the ?rst and second nominal passbands. 

9. The method of claim 8, in Which the modulation device 
comprises an acousto-optic modulator. 

10. The method of claim 9, in Which the acousto-optic 
modulator imparts the frequency value by adjusting the 
phase difference betWeen the ?rst and second mutually 
coherent laser beams. 

11. The method of claim 1, in Which the ?rst and second 
mutually coherent laser beams are pulsed laser beams. 

12. The method of claim 1, in Which the leakage is 
characterized by a frequency, the method further compris 
1ng: 

frequency shifting the ?rst and second mutually coherent 
beams at respective ?rst and second frequencies and 
thereby frequency shifting the leakage component of 
one of the third and fourth laser beams, Which fre 
quency shifting reduces the effect of the mutual tem 
poral coherence of the leakage component and the other 
of the third and fourth main beam components on the 
stability of the ?rst and second processing beams. 

13. The method of claim 12, in Which the leakage com 
ponent corresponds to a coherent crosstalk frequency, A00, in 
Which the ?rst and second processing beams operate in 
respective ?rst and second nominal passbands, and in Which 
?rst and second modulation devices positioned in, respec 
tively, the ?rst and second beam paths perform the frequency 
shifting, the ?rst and second modulation devices character 
iZed by a signal property that imparts to the leakage com 
ponent a value of the frequency such that the coherent 
crosstalk frequency, A00, is outside of the ?rst and second 
nominal passbands. 

14. The method of claim 13, in Which the modulation 
devices comprise ?rst and second acousto-optic modulators. 

15. The method of claim 14, in Which the ?rst and second 
acousto-optic modulators impart the frequency value by 
driving, respectively, the ?rst and second mutually coherent 
laser beams at different frequencies. 

16. The method of claim 14, in Which the ?rst and second 
acousto-optic modulators impart the frequency value 
through different dilfractive orders of the respective ?rst and 
second acousto-optic modulators. 

17. The method of claim 16, in Which the ?rst and second 
acousto-optic modulators drive the ?rst and second mutually 
coherent laser beams at the same frequency. 

18. A dual-beam, laser processing system, comprising: 
a laser source emitting a laser beam; 
a ?rst polariZing beam splitter cube (PBSC) splitting the 

laser beam into ?rst and second mutually coherent laser 
beams; 

?rst and second optical modulators through Which pass 
the respective ?rst and second mutually coherent laser 
beams; 

an optical path-length adjuster through Which one of the 
?rst and second mutually coherent laser beams pass, 
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the optical path-length adjuster reducing mutual coher 
ence of the ?rst and second laser beams by introducing 
an optical path-length difference betWeen the ?rst and 
second laser beams; 

a second PBSC recombining the ?rst and second laser 
beams; 

an optical property adjuster through Which the recom 
bined laser beam passes; and 

a third PBSC to split the recombined laser beam into third 
and fourth laser beams used to process a Workpiece. 

19. The system of claim 18, in Which the optical property 
adjuster comprises a variable beam expander. 

20. The system of claim 18, in Which the path-length 
adjuster comprises an air path that introduces the optical 
path-length difference. 

21. The system of claim 18, in Which the path-length 
adjuster comprises a refractive optical element. 

22. The system of claim 21, in Which the optical refractor 
comprises fused silica glass. 

23. The system of claim 18, in Which the mutually 
coherent ?rst and second laser beams have a coherence 
length, and in Which the optical path-length difference is 
greater than the coherence length. 

24. A dual-beam, laser processing system comprising: 
a laser source emitting a laser beam; 
a ?rst polariZing beam splitter cube (PBSC) splitting the 

laser beam into ?rst and second laser beams; 
?rst and second acousto-optic modulators through Which 

the respective ?rst and second laser beams pass; 
a second PBSC recombining the ?rst and second laser 

beams; 
an optical property adjuster through Which the recom 

bined laser beam passes; 
a third PBSC splitting the recombined laser beam into 

third and fourth laser beams used to process a Work 
piece, the third and fourth laser beams including third 
and fourth main beam components, and one of the third 
and fourth laser beams contributes a leakage compo 
nent that copropagates in mutual temporal coherence 
With the main beam component of the other of the third 
and fourth laser beams; and 

Wherein at least one of the ?rst and second acousto-optic 
modulators is adjusted to impart to the ?rst and second 
laser beams, and thereby to the leakage component, a 
change in a crosstalk frequency, Au), that reduces the 
effect of the mutual coherence of the leakage compo 
nent and the other of the third and fourth main beam 
components on the stability of the third and fourth 
processing beams. 

25. The system of claim 24, in Which the optical property 
adjuster comprises a variable beam expander. 

26. The system of claim 24, in Which the at least one of 
the ?rst and second acousto-optic modulators is adjusted to 
set the crosstalk frequency, Au), by driving, respectively, the 
?rst and second laser beams at different frequencies, respec 
tively 0051 and 0052, Wherein Au):u)Sl—uuS2. 

27. The system of claim 24, in Which the at least one of 
the ?rst and second acousto-optic modulators is adjusted to 
set the crosstalk frequency, A00, to a dilfractive order, n, of 
the ?rst acousto-optic modulator to a different dilfractive 
order, m, of the second acousto-optic modulator. 

* * * * * 


